Since composite materials have being extensively used in primary load-carrying structures which are often more complex, more integrated and more critical than earlier lightweight structures, the need to improve and update inspection and maintenance procedures is becoming an imperative requirement.
Undetected hidden damage in composite materials can drastically reduce the residual strength, and the detection of these damages often requires accurate and time-consuming inspections to prevent catastrophic failures. It has been estimated that almost 25% of the life cycle cost of an aircraft can be attributed to operation and support, involving inspection and maintenance. Typical damages in composites are delaminations in layered plates and stringer-plate or skin-core disbonding in stiffened plate and sandwich structures, respectively.
The damage identification may be performed using different techniques such as ultrasonic, radiographic, electromagnetic, thermographic, etc. The evaluation of the state of health of a structure using ultrasonic wave propagation has been demonstrated to be a very promising and cost-effective tool. In the case of platelike structures, guided waves offer an attractive tool for inspecting large components. These structures are generally characterized by the presence of geometrical discontinuities such as stiffeners, mechanical joints or variable thicknesses that affect the propagation characteristics of guided waves very similarly to defects occurring in service (delamination, disbond, etc.) . Therefore, the knowledge of the effects of such discontinuities on the propagation characteristics is fundamental in order to avoid them being improperly identified as damage. Efficient monitoring of the structural integrity in relatively large areas can be achieved using an array of transducers bonded to the structure.
Guided waves can propagate to large distances with very little amplitude loss and hence offer large area coverage. These waves are also very sensitive to the presence of defects located in their propagation path. Through the combination of experimental measurements and model-based analysis, it is possible to identify the presence, location and size of any hidden damage that may be present in the structure. However, when a guided wave interacts with a defect, a good understanding of the effects of this interaction is required to correlate the wave behavior to the location, extension and severity of the damage. Moreover, some of the interaction features can be evaluated with laboratory experiments, but numerical simulations and analytical model, if available, can provide a better understanding at a lower cost.
It should be noted that the structural health monitoring (SHM) based on guided waves increases the complexity in the diagnostic signal as it is not precisely tuned and shaped. The complex behavior of guided waves propagating in a plate shows that basic signal parameters such as the amplitude, the wave speed, etc. are not sufficiently reliable for damage detection. To alleviate these problems, various signal transformation techniques are developed and used in detecting structural damage by extracting the parametric information regarding damage from the complex signals.
Single-channel through-transmission ultrasonic tests meet quality requirements, being very precise and reliable, but they are time consuming and sometimes difficult to execute in some barely accessible structural locations. To overcome these drawbacks, there is an increasing demand for semi-automated NDE infrastructure assessment, taking advantage of a number of technologies, including sensor and measurement devices, signal processing, deterministic and probabilistic predictive modeling capabilities. Although the introduction of composite materials in many engineering structures has pushed the development of new inspection strategies capable of efficiently Department of Industrial Engineering, University of Naples Federico II, Napoli, Italy detecting early stage damage before it reaches critical dimensions and reducing the primary structure loadcarrying capability, conventional lightweight metallic structures may take advantage of these new inspection strategies, based on an on condition concept against the traditional maintenance scheduled programs. Many research projects are currently in progress focusing on SHM for aviation and for any engineered advanced structure, but practical applications are still comparatively limited. There is a need for further development of techniques and their applicability assessment under operational conditions. The special issue collects 11 papers presenting upto-date research on the most challenging applications of guided waves. The papers deal with basic principles and applications of guided waves interaction with geometrical discontinuities, defects induced during manufacturing and damage incurred during in service operations. Theoretical constructs, numerical modeling and experimental evidence show how guided waves interact with damage or defects and how the comprehensive behavior of this interaction can be used to establish a new and more efficient inspection strategy for composite materials. Among the papers dealing with experimental applications, a variety of sensor technologies have been implemented.
The first paper presents an analytical study of propagating, non-propagating and evanescent waves to analyze the scattering of an incident ultrasonic wave at a delamination-like discontinuity. A quantification of the wave conversion at the interface of the damage in terms of the power flow of the individual waves is carried out. The analytical solutions are compared with the results from numerical simulations.
The second paper gives an overview of the advantages and limitation of some approaches and programs available to the public to predict guided ultrasonic wave propagation dispersion curves in a material, such that the end user can make the right decision in choosing the right program to use.
The third paper concerns the interactions of Lamb waves with rivet-hole cracks from multiple directions using finite element approach. Finite element analyses and analytical formulations are used to analyze the whole structure. The scatter fields are described in terms of wave damage interaction coefficients that involve scattering and mode conversion of Lamb waves.
The fourth paper is dedicated to the numerical and experimental study of the behavior of symmetric and anti-symmetric Lamb wave fundamental modes in quasi-isotropic fiber-reinforced composite laminates. The accuracy of results achieved with 3D approach demonstrates that it is possible to employ the finite element model to particularize the differences between the considered propagating modes, avoiding impairments of measurements which may lead to misleading interpretation.
The fifth paper presents an ultrasound field detecting method for larger areas, with a flexible transducer panel of embedded fiber optic Bragg gratings (FBGs) that is re-usable over different structures. It is shown that the FBG-embedded ultrasound transducer panel and readout hardware-software system can map the surface displacements of guided wave ultrasound field onsite, over an area of approximately 0.2 m 2 in a very short time.
The sixth paper presents an improvement of the elliptical triangulation method for damage detection using Lamb waves. The assessment of the reliability of the method has been reached numerically. The method has been validated on both metallic and composite material structures.
The seventh paper is dedicated to an experimental study aimed at demonstrating the potential for using Lamb waves to monitor the structural integrity of a composite wind turbine blade subjected to an impact representative of an in-service damage. A 3D scanning laser vibrometry technique has been used to measure Lamb waves.
The effect of temperature on the wave propagation properties is analyzed in the eighth paper. A wave finite element method is applied to model the temperature-dependent wave dispersion and dissipation properties of a layered panel. The interaction of the wave properties with damage is also investigated using a hybrid wave finite element method.
The ninth paper presents the behavior and detection of the Gaussian-modulated sinusoidal guided-wave pulse travelling in an aluminum plate, deriving an analytical solution for sensing guided-wave at a given distance from the actuator. Numerical analysis is carried out with the COMSOL Õ Multiphysics software, and an experimental validation has been carried out.
The 10th paper deals with an application of nonlinear elastic wave spectroscopy based on the employment of ultrasounds to check the adhesion quality of bonded specimens. A tentative interpretation of the experimental behavior is provided, which is also based on the tomography results of the adhesive layer that showed the presence of micro-bubbles due to manufacturing process.
An application of A-SCAN, C-SCAN and InfraRed Termography is presented in the 11th paper to identify the damage induced by low-velocity impacts on a composite plate. The numerical results obtained from a finite element analysis are super-imposed to the infrared thermography images showing a good correlation in terms of damage shape and size, particularly at higher energy impacts.
